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7LSHHNWRPLNRUL]HVPRLGHQWL¿FLUDOL V NRPELQLUDQLP SULVWRSRP SR DQDWRPVNR PRUIRORãNLK ]QDNLK LQ ] DQDOL]R PROHNXODUQLK PDUNHUMHY
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 DPELHQWDO FRQGLWLRQV DLU WHPSHUDWXUH LQ /MXEOMDQD 7\SHV RI HFWRP\FRUUKL]DHZHUH LGHQWL¿HG ZLWK D FRPELQHG DSSURDFK
RIDQDWRPLFDOPRUSKRORJLFDOFKDUDFWHULVDWLRQDQGZLWKDQDO\VLVRIPROHFXODUPDUNHUV,766U'1$,76ULERVRPDOUHJLRQLQ
U'1$:HLGHQWL¿HG D WRWDO RI  W\SHV RI HFWRP\FRUUKL]DH RQ  URRW WLSV RQ  EHHFK VHHGOLQJV 7KH GLYHUVLW\ RI HFWRP\FRUUKL]DO
W\SHVZDVWKHKLJKHVWLQWHUPVRIQHDURSWLPDOJURZWKFRQGLWLRQVRIEHHFK0RVWVLPLODUDVIDUDVVSHFLHVGLYHUVLW\RIHFWRP\FRUUKL]DO
IXQJLDUHFRQFHUQHGZHUHWKHH[SHULPHQWVZLWKDLUWHPSHUDWXUHRI&ZLWKRUZLWKRXWFRROLQJRIWKHURRWV\VWHP7KHFRPPRQHVW














HNWRPLNRUL]H]DWR MHHNWRPLNRUL]D (&0 ODKNRND]DOHF
VSUHPHPE Y RNROMX .5$,*+(5 HW DO  &8'/,1
HW DO  )XQNFLRQDOQD NRPSDWLELOQRVW LQ WROHUDQFD
QD VWUHV MH SUL HNWRPLNRUL]QLK WLSLK YUVWQR VSHFL¿þQD
*,$1,1$==,3($5621  QD SRGODJL WHJD VPR






3RXGDUMD  GYD GHMDYQLND NL YSOLYDWD QD HNWRPLNRUL]R
SRVUHGQL YSOLY QD JOLYQHJD VLPELRQWD SUHN JRVWLWHOMVNH
UDVWOLQH GYLJ DWPRVIHUVNHJD &2 LQ VHJUHYDQMH R]UDþMD
]DUDGL VSUHPHQMHQHJD UD]SRUHMDQMD RJOMLND L] UDVWOLQ LQ
QHSRVUHGHQ YSOLY QD VLPELRQWVNH JOLYH ]DUDGL VHJUHYDQMD
RNROMDLQVSUHPHPEYGRVWRSQRVWLYRGH
1DPHQ ãWXGLMH MH XJRWRYLWL SRMDYOMDQMH LQ SHVWURVW
]GUXåEHHNWRPLNRUL]QLKJOLYQDVDGLNDKEXNYHYUL]RWURQLK
SUL UD]OLþQLK WHPSHUDWXUQLK UHåLPLK ]UDND LQ VXEVWUDWD
3UHGYLGHYDOLVPRGDLVHSULVDGLNDKEXNYHL]SRVWDYOMHQLK
UD]OLþQLK WHPSHUDWXUQLP UHåLPRP SRMDYOMDMR UD]OLþQL
WLSL HNWRPLNRUL]H LL ER SHVWURVW HNWRPLNRUL]H QDMYHþMD
SUL VDGLNDK EXNYH UDVWRþLK Y RSWLPDOQLK WHPSHUDWXUQLK
UD]PHUDK ]D UDVW  ]UDN  & LLL GRGDWQR KODMHQMH
NRUHQLQVNHJDVLVWHPD]D&YSOLYDQDVHVWDYR]GUXåEHLQ
SHVWURVWHNWRPLNRUL]HYLWDOQLKVDGLNEXNYHLYERSHVWURVW









3XOMHQNH EXNYH )DJXV V\OYDWLFD / SURYHQLHQFH
7HPHQMDN 3UHOVND QDEUDQH PDMD  Y]JRMQD REOLND
3YRGHQHNRWSXOMHQNHL]VORYHQVNHJDSUHGDOSVNHJD
SURYHQLHQþQHJD REPRþMD *62  VPR GRELOL L]
'UHYHVQLFH2PRULND0XWD9HOLNRVWSXOMHQNREVDGQML MH
ELODRGGRFPYþDVXUDVWLVRELOHSRYSUHþQHOHWQH
WHPSHUDWXUH  & O  LQ  LQ  & 




























3UL SRVNXVLK  LQ  Y KODGQL VREL MH ELO GQHYQR
QRþQL ULWHP VDPRGHMQR UHJXOLUDQ VOHGLO MH OHWQHPX þDVX
SRVWRSQR NUDMãDQMH R]LURPD GDOMãDQMH þDVD RVYHWOMHYDQMD
JOHGH QD GHMDQVNL VYHWOREQL UHåLP PHG OHWRP 6DGLNH
L] REHK SRVNXVRY VR ELOH L]SRVWDYOMHQH XPHWQL VYHWOREL





.RUHMD 'REOMHQH NURPDWRJUDPH SR VHNYHQFLUDQMX VPR








)LORJHQHWVNH RGQRVH VPR XJRWDYOMDOL ] PHWRGR
QDMYHþMHJDYHUMHWMDªPD[LPXPOLNHOLKRRG©*8,1'21
*$6&8(/6SURJUDPRPM0RGHO7HVW VPR
SRLVNDOL QDMRSWLPDOQHMãL PRGHO QXNOHRWLGQLK ]DPHQMDY
JOHGH QD SRSUDYOMHQL $NDLNHMHY NULWHULM LQIRUPDWLYQRVWL
$,&F 326$'$  ,]EUDQL PRGHO VPR XSRUDELOL
]D L]GHODYR ¿ORJHQHWVNLK GUHYHV SR PHWRGL %LR1-
QHLJKERUMRLQLQJ*$6&8(/VSURJUDPRP3$83




VPR XUHGLOL Y SURJUDPX 0LFURVRIW 2I¿FH ([FHO 
 3HVWURVWHNWRPLNRUL]HYUDVWQHPVXEVWUDWX
'LYHUVLW\RIHFWRP\FRUUKL]DLQVXEVWUDWHV
3RMDYOMDQMH LQ SHVWURVW JOLY Y UDVWQHP VXEVWUDWX
Y NDVHWDK VPR DQDOL]LUDOL V SULVWRSRP '**( JHOVND
HOHNWURIRUH]D Y GHQDWXULUDMRþHP JUDGLHQWX 9]RUFH
VXEVWUDWD VPR RGY]HOL L] QDNOMXþQR L]EUDQLK NDVHW V
SRPRþMRSODVWLþQHJDWXOFDSUHPHUDFPLQGROåLQHFP
Y SULEOLåQHP YROXPQX PO9VDN Y]RUHF SRVHEHM VPR
SRVXãLOL Y VWHULOL]DWRUMX 6W ,QVWUXPHQWDULD =DJUHE
KRPRJHQL]LUDOL V SRPRþMR VWHULOQLK NRYLQVNLK NURJHO QD
VWUHVDOQLNX 9LEURPL[  (9 7HKWQLFD 6ORYHQLMD LQ
HNVWUDKLUDOLFHORWQR'1.L]VXEVWUDWDVSUHGSULSUDYOMHQLP
VLVWHPRP 3RZHU 6RLO '1. ,VRODWLRQ .LW 02 %,2
.DQDGD'1. ]D DQDOL]R Y'**( VPR SRPQRåHYDOL Y
3&5 V VSHFL¿þQLPL ]DþHWQLPL ROLJRQXNOHRWLGL ,76 ±JF
*$5'(6%5816LQ,76KWWSPROOLHEHUNHOH\
HGXaEUXQVWRXUSULPHUVKWPO=DUHIHUHQþQHY]RUFHVPR




HOHNWURIRUH]R %LR5DG ='$ (OHNWURIRUH]D MH WHNOD 
XU Y RGVWRWQHP SROLDNULODPLGQHP JHOX DNULODPLGELV
DNULODPLG  ] NUDW 7$( 7ULV ± RFHWQD NLVOLQD




DFLG JHO VWDLQ ,QYLWURJHQ 86$ 3R EDUYDQMX VPR JHOH




NDSOMLþQLP QDþLQRP QD SRYUãLQL UL]RWURQD 9 þDVX
YHJHWDFLMVNH VH]RQH VPR VDGLNH ]DOLYDOL NUDW WHGHQVNR





7LSH HNWRPLNRUL]H VPR DQDOL]LUDOL ] DQDWRPVNR
PRUIRORãNRLGHQWL¿NDFLMR WLSRY (&0 SR $*(5(5 
WHUYNRPELQDFLMLVVHNYHQFLUDQMHPLQ¿ORJHQHWVNR
SULPHUMDYR PROHNXODUQLK PDUNHUMHY $QDOL]LUDOL VPR
GHOH NRUHQLQVNLK VLVWHPRY YLWDOQLK VDGLN LQ VDGLN NL
VR PHG SRVNXVRP ND]DOH ]QDNH RGPLUDQMD R]LURPD VR
RGPUOH (&0 YLWDOQLK LQ RGPUOLK VDGLN VPR Y DQDOL]DK
REUDYQDYDOL ORþHQR ýH VPR QD NRUHQLQL ]D]QDOL  (&0
VPR WDGHONRUHQLQHRGUH]DOL LQJDVKUDQLOLYSHWULMHYNL]
YRGR.RUHQLQHVPRY]RUþLOLQRYHPEUDLQGHFHPEUD
$QDWRPVNH LQ PRUIRORãNH ODVWQRVWL VPR RSLVRYDOL
SR PHWRGRORJLML $*(5(5  LQ LGHQWL¿FLUDOL QD
SRGODJL REMDYOMHQLK RSLVRY WLSRY(&0 $*(5(5
 WHU VSRPRþMR LQWHUDNWLYQH UD]OLþLFHGRORþHYDOQHJD
NOMXþD '((0< $*(5(5  5$0%2/'   
7LSH(&0VPRRSD]RYDOLVVWHUHROXSR2O\PSXV6=;
SRYHþDYD[YLUVYHWOREH2O\PSXV+LJKOLJKW
¿OWHU ]D GQHYQR VYHWORER LQ PLNURVNRSRP 2O\PSXV
%;SRYHþDYD[,]EUDQHWLSHHNWRPLNRUL]HLQ
DQDWRPVNHSUHSDUDWHVPRGLJLWDOL]LUDOL]GLJLWDOQRNDPHUR




V SUHGSULSUDYOMHQLP VLVWHPRP ]D HNVWUDNFLMR '1.
'1HDV\3ODQW0LQL.LW4XLDJHQ1HPþLMDGRSROQMHQLP
] QDYRGLOL ]D HNVWUDNFLMR '1. SR 623 /$%),*( *,6
*5(%(1&.5$,*+(5'1.VPRSRPQRåHYDOL
YYHULåQLUHDNFLMLVSROLPHUD]R3&5]XSRUDER]DþHWQLK
ROLJRQXNOHRWLGRY ,76 DOL ,76I Y NRPELQDFLML ]  ,76
:+,7(HWDO*$5'(6%58168VSHãQRVW
3&5VPRSUHYHUMDOLQDDJDUR]QHPJHOX L]NDWHUHJD VPR
WXGL L]UH]RYDOL SURJH SRPQRåNRY IUDJPHQWH '1.
XVWUH]QLK GROåLQ MLK RVDPLOL V NRPSOHWRP ]D VSLUDQMH
QXNOHLQVNLKNLVOLQL]DJDUR]QHJDJHOD:L]DUG69*HODQG
3&5&OHDQ8S 6\VWHP 3520(*$ ='$ LQ SULSUDYLOL
]DVHNYHQFLUDQMH3ULY]RUFLKNMHUVPRQDDJDUR]QHPJHOX
GRELOL YHþ NRW HQR SURJR VPR L]UH]DQH SURJH RþLVWLOL LQ
SRVDPH]QH SURJH SRQRYQR SRPQRåLOL UHDPSOL¿FLUDOL
9]RUFH'1.]DVHNYHQFLUDQMHVPRSRVODOLYNRPHUFLDOQL
VHNYHQþQL ODERUDWRULM 0DFURJHQ ,QF 6HXO 5HSXEOLND
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
WUDQVLOXPLQDWRUMX*HO'RF(46\VWHP3&%LR5DG,WDO\
SRG89OXþMRQP=DVOLNDQMHVPRXSRUDELOLGLJLWDOQL
IRWRDSDUDW (26 ' &DQRQ -DSRQVND LQ QD VOLNDK






9FHORWQHPSRVNXVX SR VDGLNY ãWLULK UD]OLþQLK




VPR ] DQDWRPVNRPRUIRORãNR PHWRGR RSLVDOL RVHP
UD]OLþQLK WLSRY HNWRPLNRUL]H NL VPR MLK  LGHQWL¿FLUDOL V
NRPELQDFLMR DQDWRPVNR PRUIRORãNLK LQ PROHNXODUQLK
SULVWRSRYSUHJOHGQLFD
,GHQWL¿NDFLMD WLSRY HFP ] PROHNXODUQLPL SULVWRSL
0ROHFXODULGHQWL¿FDWLRQ RI HFP
,]PHG RVPLK WLSRY (&0 RSLVDQLK SR DQDWRPVNR
PRUIRORãNLPHWRGLVPRMLK]DQDOL]RVHNYHQFPROHNXODUQR




(&0 YUVWH RG QDNOMXþQLK RNXåE LQ RNYLUQR LGHQWL¿FLUDOL
(&0SUHJOHGQLFD =DYUVWH L] URGX3H]L]D VOLND
6FOHURGHUPDVOLND/HSWRGRQWLGLXPVOLNDLQ7XEHUVOLND
VPRL]GHODOLSRGUREQDGUHYHVD¿ORJHQHWVNH VRURGQRVWL ]
UD]SRORåOMLYLPL QXNOHRWLGQLPL ]DSRUHGML L] ED] SRGDWNRY
ãWHYLONH MDYQLK ]DSRUHGLM VR QDYHGHQH Y SRVDPH]QHP






LGHQWL¿FLUDOL Y SRVNXVX    QDWR Y SRVNXVLK  LQ




VXEVWUDWD  &RGH RI
DQDO\]HGVXEVWUDWH


























'HOHåH SRMDYOMDQMD SRVDPH]QLK WLSRY HNWRPLNRUL]H
VPRSULND]DOLQDVOLNDKLQ1DMYHþNUDWVPRQDVDGLNDK
EXNYH LGHQWL¿FLUDOL JOLYR +HEHORPD VDFFKDULROHQV 4XHO
VOHGLOHVR3H]L]DRVWUDFRGHUPD.RUI
7XEHU VS   /HSWRGRQWLGLXP RUFKLGLFROD 6LJOHU
	 &XUUDK   6FOHURGHUPD DUHRODWXP (KUHQE LQ
&HQRFRFFXPJHRSKLOXP)U]VOLND9YVDNHPRG
REHK SRVNXVRY NMHU VR ELOH VDGLNH EXNHY L]SRVWDYOMHQH
WHPSHUDWXUL&VPRGRORþLOLãWLULWLSHHNWRPLNRUL]H
1DVDGLNDKEXNHYNLVPRMLKL]SRVWDYLOLSRYLãDQLWHPSHUDWXUL
GR&VPRLGHQWL¿FLUDOL GYD WLSD HNWRPLNRUL]H LQ






3UL VDGLNDK EXNYH VPR QDUHGLOL SULPHUMDYR GHOHåD
PLNRUL]QLK LQ QHPLNRUL]QLK NRUHQLQVNLK YUãLþNRY QD
YLWDOQLK LQ RGPUOLK VDGLNDK ]D YVDN SRVNXV SRVHEHM1D
NRUHQLQVNLKYUãLþNLKYLWDOQLKVDGLNVPR(&0LGHQWL¿FLUDOL
OH Y SRVNXVLK  LQ 9 SRVNXVX  MH ]D  YHþ (&0
3UHJOHGQLFD2]QDNHRSLVLLQLGHQWL¿NDFLMD WLSRY (&0 QDMGHQLK QD VDGLNDK EXNHY Y UL]RWURQLK
7DEOH ,GHQWL¿FDWLRQ FRGH GHVFULSWLRQV DQG LGHQWL¿FDWLRQ RI (&0 W\SHV RI EHHFK VHHGOLQJV JURZQ LQ UKL]RWURQV















































































































































































































































































































































































































































































































































































































































































































































+HEHORPD VDFFKDULROHQV 6FO$UH6FOHURGHUPD DUHRODWXP 7XE VS7XEHU VS 3H]2VW3H]L]D RVWUDFRGHUPD &HQ*HR
&HQRFRFFXPJHRSKLOXP/HS2UF/HSWRGRQWLGLXPRUFKLGLFROD
)LJXUH6KDUHVRIRFFXUUHQFHRIP\FRUUKL]DW\SHVRQEHHFKVHHGOLQJVDWWKUHHGLIIHUHQWWHPSHUDWXUHJURZWKFRQGLWLRQV





YLWDOQLK VDGLNDK QL ELORPRJRþH LGHQWL¿FLUDWL 9 SRVNXVX
 MH ELOR  YLWDOQLK VDGLN YHQGDU QD QREHQL RG QMLK QL
ELOR YLWDOQH (&0 2GVWRWNH PLNRUL]QLK LQ QHPLNRUL]QLK




,GHQWL¿NDFLMD (&0 Y Y]RUFX ]HPOMH ] PHWRGR
'**(
,GHQWL¿FDWLRQ RI (&0 LQ WKH SDWWHUQ RI VRLO ZLWK '**(
PHWKRG
5H]XOWDWL '**( HOHNWURIRUHWVNH ORþLWYH 3&5
SRPQRåNRYVRSRND]DOLGDMHPLFHOLMHNWRPLNRUL]QLKJOLY
WXGL Y VXEVWUDWX LQ QH OH QD NRUHQLQVNHP VLVWHPX VDGLN
VOLND  9 SRPQRåNLK L] SRVDPH]QLK VXEVWUDWRY VPR
SROHJ IUDJPHQWRY NL VR XVWUH]DOL  L]EUDQLP UHIHUHQþQLP
JOLYDP Y (&0 RSD]LOL WXGL YHþ IUDJPHQWRY GUXJLK JOLY
 NDWHULK LGHQWLWHWH QLVPR XJRWDYOMDOL )UDJPHQWL





 ,GHQWL¿NDFLMD WLSRY HNWRPLNRUL]H QD VDGLNDK
EXNYH
,GHQWL¿FDWLRQ RI W\SHV RI HFP RQ EHHFK VHHGOLQJV
1DMEROM UD]ãLUMHQD PHWRGD ]D GRORþHYDQMH WLSRY
HNWRPLNRUL]H MH DQDWRPVNRPRUIRORãND PHWRGD SUL
NDWHUL WLS HNWRPLNRUL]H GRORþDPR JOHGH QD PRUIRORãNH
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD




6OLND  '**(HOHNWURIRUHWVND ORþLWHY
SRPQRåNRY 3&5 L] L]EUDQLK Y]RUFHY
)LJXUH  '**( HOHFWURSKRUHWRJUDPPH





SRMDYOMDQMD WURVQMDNRY HNWRPLNRUL]H WHåNR XJRWDYOMDPR
SRSXODFLMVNH VWUXNWXUH HNWRPLNRUL]QLK JOLY *5(%(1&





LQIRUPDFLMH NL MLK QRVL QXNOHRWLGQR ]DSRUHGMH Y '1.
6OHGHQMHLQLGHQWL¿NDFLMD JOLYH QD RVQRYL '1.]DSRUHGMD
MHXSRUDEQRRURGMHSUHGYVHPSULGHOX]Y]RUFLL]RNROMD
NL QH SRPHQLMR  YHGQR þLVWH NXOWXUH QD SULPHU Y]RUFL
PLNRUL]HL]]HPOMHU'1.UHJLMDYJHQRPXJOLYMHSRJRVWR
XSRUDEOMDQDYVLVWHPDWLNLLQSULXJRWDYOMDQMX¿ORJHQHWVNLK
RGQRVRY PHG VNXSLQDPL JOLY D WXGL Y UD]YRMX PHWRG
PROHNXODUQH LGHQWL¿NDFLMH LQ GLDJQRVWLNH Y PHGLFLQL
NPHWLMVWYX JR]GDUVWYX LQ VSORãQR Y HNRORJLML %5,'*(
 ýH SULPHUMDPRPHG VHERM WLSH (&0 NL VPR MLK
GRORþLOL ]RPHQMHQLPDPHWRGDPD VPRGRYUVWHSUDYLOQR
LQ LGHQWLþQR GRORþLOL OH HQ WLS (&0 & JHRSKLOXP =
DQDWRPVNRPRUIRORãNRPHWRGR ODKNR GR YUVWH GRORþLPR
OH PDQMãL GHOHå WLSRY HNWRPLNRUL]H .5$,*+(5 HW DO
3h776(33HWDOVDMMHPHWRGDLGHQWL¿NDFLMH
VXEMHNWLYQD =DWR Y]SRUHGQR ] DQDWRPVNRPRUIRORãNR
PHWRGR SR $*(5(5  SRJRVWR XSRUDEOMDPR ãH







LGHQWL¿NDFLMR JOLY Y (&0 NDU NDåHMR WXGL QDãL UH]XOWDWL
GREOMHQL ] REHPD QDþLQRPD LGHQWL¿NDFLMH 6 SRPRþMR
3&5PHWRGH LQ VHNYHQFLUDQMD VPR GR YUVWH GRORþLOL 
WLSRY HNWRPLNRUL]H + VDFFKDULROHQV 3 RVWUDFRGHUPD
&JHRSKLOXP6DUHRODWXPLQ/RUFKLGLFRODLQHQWLSGR
URGX7XEHUVS




6 DUHRODWXP LQ 7XEHU VS 3UDY WDNR VPR ] L]GHODYR
¿ORJHQHWVNLK GUHYHV SRVNXãDOL GRORþLWL YUVWR (&0 L] URGX
7XEHUVSNDUSDQDP]DQDWRPVNRPRUIRORãNRPHWRGRLQ
]PROHNXODUQLPLPHWRGDPLQLXVSHOR
9VD SRPQRåHQD ]DSRUHGMD (&0 Y UL]RWURQLK L]
URGX7XEHUVHNYHQFHLQVRLGHQWLþQD,]WHJD
VNOHSDPRGDJUH]DLVWLWLSHNWRPLNRUL]HNOMXERSDåHQLP
UD]OLNDP QD DQDWRPVNRPRUIRORãNHP QLYRMX =D URG
7XEHU VS VPR L]GHODOL ¿ORJHQHWVNR GUHYR VOLND  L]
NDWHUHJD QH PRUHPR VNOHSDWL ]D NDWHUR YUVWR JUH VDM
Y]RUFLWYRULMRORþHQJUR]GNL¿ORJHQHWVNR VRGL Y VNXSLQR
WLPDOLKEHOLKJRPROMLNNLVRYED]LSRGDWNRY*HQ%DQN
]DVWRSDQH SUHWHåQR ] YUVWQR QHNODVL¿FLUDQLPL Y]RUFL L]
URGX 7XEHU 1DMEROM VRURGQD JUR]GD WDNR SUHGVWDYOMDMR
QHLGHQWL¿FLUDQR VNXSLQR Y]RUFHY EOL]X YUVWL 7SDFL¿FXP
NL JHRJUDIVNR L]KDMDMR L] 6HYHUQH$PHULNH QXNOHRWLGQD
]DSRUHGMD]DNFHVLMDPL)-'4(8
$<LQ)-LQ0HKLNH(8WHUYHþMR
VNXSLQR QHL]ROLUDQLK Y]RUFHY L] URGX7XEHU ] UD]OLþQLPL
JHRJUDIVNLPLSRUHNOLEOL]XYUVWL7ERUFKLL0RåQLKYLURY
LQRNXOXPRY ]D QH]QDQR HNWRPLNRUL]R L] URGX 7XEHU Y
GUHYHVQLFLMHYHþVDMVPRYQHSRVUHGQLEOLåLQLJUHGLFQD
NDWHULK VR UDVWOH EXNYLFH SUHG L]NRSDYDQMHPRSD]LOL YHþ
HNWRPLNRUL]QLKYUVW&DUSLQXVEHWXOXV4XHUFXVUXEUDLQ
WXMHURGQR YUVWR NL WYRUL DUEXVNXODUQRPLNRUL]R -XJODQV
QLJUD'UHYHVDVRELODVDMHQDYOHWXQMLKRYL]YRUSD
QL]QDQSRGDWHN'UHYHVQLFH2PRULND.HUJUH]DRGUDVOD
GUHYHVD ] GREUR UD]YLWLP NRUHQLQVNLP VLVWHPRP ODKNR
VNOHSDPRGD MHSULãORGRLQIHNFLMHNRUHQLQEXNYLF WXGL]
LQRNXOXPRPRPHQMHQLKGUHYHVQH]QDQHJDSRUHNOD
,GHQWLþHQ SULVWRS VPR XSRUDELOL WXGL ]D URGRYH QD
VOLNDK=DYHþLQRWLSRY(&0L]RPHQMHQLKURGRYQDP
MHQDRVQRYL¿ORJHQHWVNH DQDOL]H XVSHOR XPHVWLWL Y]RUFH Y
YUVWR7HåDYRVPRLPHOL]Y]RUFHP6/2B,6BB%8B6
]DNDWHUHJDVPRVSULPHUMDYRVHNYHQF]ED]DPLSRGDWNRY
GRELOL GYD UH]XOWDWD 6 DUHRODWXP (8 LQ 6







XSRUDER YHþPROHNXODUQLKPDUNHUMHY 3(,171(5 HW DO
9QDãHPSULPHUXVPRQDNQDGQRL]¿ORJHQHWVNHJD
GUHYHVD ]D URG 6FOHURGHUPD VOLND  UD]EUDOL GD VH
Y]RUHF  6/2B,6BB%8B6 Y GHQGURJUDPX XYUVWL
Y JUR]G VHNYHQF YUVWH 6 DUHRODWXP9 VNXSLQL JUR]GX
YUVWH6DUHRODWXPNDPRUVHXYUVWLWDWXGLQDãDY]RUFDB
B%8 LQ BB%8 MH XYUãþHQD WXGL VHNYHQFD
(8 NL MH NODVL¿FLUDQD NRW 6 YHUUXFRVXP .HU
YHþLQDVHNYHQF6YHUUXFRVXPLQ6DUHRODWXPWYRULMDVQR
ORþHQDLQNRKHUHQWQDJUR]GDMHPRåQRGDVRDYWRUMLREMDYH






1DMYHþNUDW VPR PLNRUL]R LGHQWL¿FLUDOL Y SRVNXVX
NMHU VPR VDGLNH EXNHY L]SRVWDYLOL WHPSHUDWXUL  &
LQ NMHU VPR SUHGHO NRUHQLQ GRGDWQR RKODMDOL VOLND 
(%(57  FLW SR *5(%(1&  XJRWDYOMD GD
SUL SRYSUHþQL OHWQL WHPSHUDWXUL  & LQ YHþ NRW PP
SDGDYLQREVWDMDMRRSWLPDOQHUD]PHUH]DSURGXNWLYQRVWLQ
YLWDOQRVW EXNYH2SWLPDOQH UD]PHUH  GREURYSOLYDMR WXGL
QD UD]YRM HNWRPLNRUL]H NDU VPR GRND]DOL SUL SRVNXVX 
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
&]GRGDWQLPKODMHQMHPNRUHQLQýHREDSDUWQHUMD
YPLNRUL]L åLYLWD Y RSWLPDOQLK UD]PHUDK ER QMXQ UD]YRM
SRWHNDO KLWUHMH LQ ER L]PHQMDYD VQRYL EROM XþLQNRYLWD
2EVWRMHNWRPLNRUL]HQDNRUHQLQDKVDGLNNDWHULKQDG]HPQL




0HG SRVNXVL SULKDMD GR UD]OLN Y ãWHYLOX NRW WXGL
Y YUVWQL VHVWDYL HNWRPLNRUL]QLK JOLY VOLND  3R YUVWQL
VHVWDYLVWDVLQDMEROMSRGREQDSRVNXVDNLVPRMXL]SRVWDYLOL













1DMYHþNUDW VPR LGHQWL¿FLUDOL WLS + VDFFKDULROHQV VOLND
 LQ VLFHU L]NOMXþQR OH QD NRUHQLQVNLK VLVWHPLKRGPUOLK
VDGLN NDU MH ODKNR SRVOHGLFD QDþLQD Y]RUþHQMD 9UVWD
+ VDFFKDULROHQV MH ]HOR KHWHURJHQD )/(0,1* 
3RMDYOMDVHSUHGYVHPNRWJOLYDPODGLKGUHYHV1259(//
 (;(7(5  LQ VSHFL¿þQHJD VXEVWUDWD )/(0,1*
NDUSRWUMXMHSRJRVWRVWSRMDYOMDQMDQDVDGLNDKEXNYH
SUL QDãHP SRVNXVX 9 HNRVLVWHPX VH ODKNR SRMDYOMD NRW
SRWHQFLDOQLVDSUR¿W LQ WDNR åLYL EUH] VLPELR]H ] UDVWOLQDPL
0$50(,66( HW DO  NDU SRWUMXMH QMHQ REVWRM QD
RGPUOLKNRUHQLQVNLKVLVWHPLKYQDãHPSRVNXVX
9UVWR /HSWRGRQWLGLXP RUFKLGLFROD NL VPR MR
LGHQWL¿FLUDOL Y SRVNXVLK  LQ  XYUãþDPR Y VNXSLQR WHPQLK
VHSWLUDQLK HQGR¿WVNLK JOLY DQJ GDUNVHSWDWH HQGRSK\WLF
'6(IXQJL]DNDWHUHMH]QDþLOQRGDUD]YLMHMRVLPELR]R
] UDVWOLQDPL L] UD]OLþQLK GUXåLQ RG WURSVNLK GR DUNWLþQLK
R]LURPD ] UDVWOLQDPL NL UDVWHMR Y VWUHVQLK KDELWDWLK
-803321(1  75$33(  FLW SR :8  *82
*OLYHQDJRMLãþXQH UD]YLMHMRNRQLGLMHYDOLGUXJLK
UD]PQRåHYDOQLK VWUXNWXU V VWDUDQMHP NRORQLMH SRVWDQHMR
þUQH EDUYH '(+22*  FLW SR:8 *82 
=D / RUFKLGLFROD MH ]QDþLOQR GD ODKNR ] UDVWOLQDPL
UD]YLMH UD]OLþQH VLPELRWVNH LQWHUDNFLMH RG PLNRUL]QLK
GR SDUD]LWVNLK RGYLVQR RG UD]PHU  Y RNROMX NL MLP MH
L]SRVWDYOMHQD:8*82
 ,GHQWL¿NDFLMD PLNRUL]QLK JOLY Y WDOQLK VXEVWUDWLK
,GHQWL¿FDWLRQ RI P\FRUUKL]DO IXQJL LQ VRLO VXEVWUDWHV
3ROHJ WHJD GD HNWRPLNRUL]QH JOLYH SUHUDãþDMR
NRUHQLQVNH YUãLþNH YLãMLK UDVWOLQ PDNURVLPELRQWD MLK
ODKNR L]ROLUDPR WXGL L] VXEVWUDWD Y NDWHUHP MH SRVDMHQD
VDGLND ] UD]YLWR HNWRPLNRUL]R 9 VXEVWUDWX VR QDPUHþ
UD]OLþQL YHJHWDWLYQL LQ UHSURGXNWLYQL GHOL HNWRPLNRUL]QLK
JOLY .,5. HW DO  NRW VR KLIH UL]RPRU¿ LQ WURVL
= PHWRGR '**( VPR ]D WUL UD]OLþQH WLSH HNWRPLNRUL]H
7XEHU VS 3H]L]D VS LQ 6FOHURGHUPD VS GRND]DOL
GD ODKNR REVWRM  HNWRPLNRUL]QLK JOLY XJRWDYOMDPR WXGL
QHSRVUHGQR Y VXEVWUDWLK 3UL Y]RUFLK L] VXEVWUDWD ODKNR













EHWZHHQ WKH VRXUFHV RI IRRG DQG V\PELRWLF WUHH SDUWQHUV
LQ IRUHVW HFRV\VWHPV 8QGHUVWDQGLQJ WKH RSHUDWLRQ DQG
WUDFNLQJFKDQJHVLQWKHREVHUYHGIRUHVWHFRV\VWHPUHTXLUHV
NQRZOHGJH RI WKH VSHFLHV FRPSRVLWLRQ RI SDUWQHUV LQ WKH
V\PELRVLV &KDQJHV LQ WKH HQYLURQPHQWZKHWKHU QDWXUDO
RUDVDUHVXOWRIKXPDQDFWLYLWLHVFDQEHTXLFNO\UHÀHFWHG
LQPDFURRUPLFURV\PELRQWV HVSHFLDOO\ IRU IXQJL ,QRXU
ZRUNZHZDQWHGWRGHWHUPLQHVSHFLHVRUKLJKHUWD[RQRPLF
JURXS RI IXQJL WKDW IRUP (&0) RQ EHHFK VHHGOLQJV ,Q
DGGLWLRQZHZLVKHGWRGHWHUPLQHKRZWHPSHUDWXUHFKDQJHV
LQWKHHQYLURQPHQWLQÀXHQFH WKH RFFXUUHQFH DQG GLYHUVLW\
RI(&0RQEHHFKVHHGOLQJV
,Q WKH DQDO\VLV RI   (&0 W\SHV ZH LQFOXGHG DOO
VHHGOLQJV RI WKH UHVHDUFK H[SHULPHQW ZKLFK ZDV VHW LQ
VSULQJ)RU WKH LGHQWL¿FDWLRQ RI W\SHV RI (&0 ZH
XVHG WKUHH GLIIHUHQW PHWKRGV DQDWRPLFDOPRUSKRORJLFDO
PHWKRGV E\ $*(5(5  PROHFXODU PHWKRGV
DQGSK\ORJHQ\8VLQJDQDWRPLFDOPRUSKRORJLFDOPHWKRGV
ZHEULHÀ\ GHVFULEH WKH  W\SHV RI (&0 8VLQJ PROHFXODU
PHWKRGVZHKDYHRQHW\SHRI(&0WRFRQ¿UP DQG LGHQWLI\
RWKHUXQNQRZQ  (&0  W\SHV'HVSLWH WKH VRSKLVWLFDWLRQ
RI PROHFXODU PHWKRGV ZH ZHUH XQDEOH WR LGHQWLI\ WZR
W\SHV RI (&0 VRZH XVHG D WKLUGPHWKRG FRQVWUXFWLRQ




RI (&0 LQ EHHFK VHHGOLQJV ZH WULHG WR GHWHUPLQH KRZ
WKH WHPSHUDWXUH FRQGLWLRQV LQ WKH HQYLURQPHQW DIIHFW WKH
GLYHUVLW\RIHFWRP\FRUUKL]DH(FWRP\FRUUKL]DLVRSWLPDOO\
GHYHORSHG LQ DQ HQYLURQPHQW WKDW LV RSWLPDO IRU ERWK
SDUWQHUVWKDWIRUPLW2SWLPDODQQXDODYHUDJHWHPSHUDWXUH
IRU WKH JURZWK DQG GHYHORSPHQW RI EHHFK LV &0RVW




P\FRUUKL]DO FRQQHFWLRQV GHYHORS LQ WKRVH DUHDV ZKHUH
H[WHUQDOIDFWRUVVXFKDVWHPSHUDWXUHDUHRSWLPDOIRUERWK
SDUWQHUVWKDWIRUPDQ(&0
:DUPLQJ LQ IRUHVW HFRV\VWHPV FDQ EH FDXVHG E\
JOREDOFOLPDWHFKDQJHDVZHOODVE\GLUHFWDQWKURSRJHQLF




VRLO H[SRVXUH LQÀXHQFH WKH KHWHURWURSKLF UHVSLUDWLRQ DQG
IXQFWLRQLQJRIWKHWZRNH\HOHPHQWVLQIRUHVWVRLOLH¿QH
URRWVDQGP\FRUUKL]D,WLVQHFHVVDU\WRHPSKDVL]HWKDWWKH
VPDOO WHPSHUDWXUH FKDQJHV LQ WKH HQYLURQPHQW VWURQJO\
LQÀXHQFH WKH GHYHORSPHQW DQG IXQFWLRQLQJ RI ¿QH URRWV
DQGP\FRUUKL]DLQWKHVRLODQGWKXVWKHG\QDPLFVRIFDUERQ
DOORFDWLRQ LQ IRUHVW WUHHV DQG IRUHVW HFRV\VWHPV ,Q RXU
UHVHDUFKZHKDYHVKRZQWKHHIIHFWVRIWHPSHUDWXUHUHJLPH
RQJURZWKDQGGHYHORSPHQWRI(&0LQWKHVRLOV&DUERQ




$QDOL]H VWD ¿QDQFLUDOD -DYQD DJHQFLMD ]D UD]LVNRYDOQR
GHMDYQRVW 5HSXEOLNH 6ORYHQLMH $556 LQ 0LQLVWUVWYR ]D
NPHWLMVWYRJR]GDUVWYRLQSUHKUDQRYRNYLUXSURMHNWD/LQ
YVNORSXL]GHODYHGLSORPVNHQDORJH,QHVâWUDXV=DKYDOMXMHPR





$%$5(1.29 . HW DO  7KH 81,7( GDWDEDVH IRU




$*(5(5 5  &KDUDFWHULVDWLRQ RI HFWRP\FRUUKL]D 9
7HFKQLTXHVIRUWKHVWXG\RIP\FRUUKL]D-51RUULV
$*(5(5 5  5$0%2/' * ± >¿UVW SRVWHG RQ
PRVWUHFHQWXSGDWH@
'((0< ± $Q ,QIRUPDWLRQ V\VWHP IRU FKDUDFWHUL]DWLRQ DQG
GHWHUPLQDWLRQ RI HFWRP\FRUUKL]DH ZZZGHHP\GH ±
0QFKHQ*HUPDQ\
$562$JHQFLMD5HSXEOLNH6ORYHQLMH]DRNROMH$5+,9
'QHYQL SRGDWNL  KWWSPHWHRDUVRJRYVLPHWVODSS
ZHEPHW
%/$67  7KH EDVLF ORFDO DOLJQPHQW VHDUFK
WRRO %/$67  KWWSEODVWQFELQOPQLK
J R Y  % O D V W  F J L " 352*5 $0 E O D V W Q 	%/$ 67B










LQ IRUHVW HFRV\VWHP SURFHVVHV QHZ SHUVSHFWLYHV DQG
HPHUJLQJFRQFHSWV6RLO%LRORJ\	%LRFKHPLVWU\

&8'/,1 3 HW DO  )LQH URRWV DQG HFWRP\FRUUKL]DV DV
LQGLFDWRUVRIHQYLURQPHQWDOFKDQJH3ODQW%LRV\VWHPV






)/(0,1* / 9  ([SHULPHQWDO VWXG\ RI VHTXHQFHV RI
HFWRP\FRUUKL]DO IXQJL RI ELUFK %HWXOD VS VHHGOLQJ URRW
V\VWHPV6RLO%LRORJ\DQG%LRFKHPLVWU\±
*$5'(6 0  %5816 7'  ,76 SULPHUV ZLWK
HQKDQFHG VSHFL¿FLW\ IRU EDVLGLRP\FHWHV ± DSSOLFDWLRQ WR
WKHLGHQWL¿FDWLRQ RI HFWRP\FRUUKL]DH DQG UXVWV 0ROHFXODU
(FRORJ\
*$6&8(/ 2  %LR1- DQ LPSURYHG YHUVLRQ RI WKH 1-
DOJRULWKP EDVHG RQ D VLPSOH PRGHO RI VHTXHQFH GDWD
0ROHFXODU%LRORJ\DQG(YROXWLRQ
*,$1,1$==,3($5621 9  +RVWIXQJXV VSHFL¿FLW\
LQ P\FRUUKL]DH 9 *HQHV LQYROYHG LQ SODQWPLFUREH
LQWHUDFWLRQV 9HUPD '36 +RKQ 7+ 8U 6SULQJHU
9LHQQD





*8,1'21 6  *$6&8(/ 2  $ VLPSOH IDVW DQG
DFFXUDWHPHWKRGWRHVWLPDWHODUJHSK\ORJHQLHVE\PD[LPXP
OLNHOLKRRG6\VWHPDWLF%LRORJ\
.$72+ .  $6,0(1626 *  72+ +  0HWKRGV
LQ PROHFXODU ELRORJ\  0XOWLSOH DOLJQPHQW RI
'1$VHTXHQFHVZLWK0$))7,Q%LRLQIRUPDWLFVIRU'1$




.5$,*+(5 +  $*(5(5 5  -$9251,. % 
(FWRP\FRUUKL]DH RI /DFWDULXV OLJQ\RWXV RQ 1RUZD\
VSUXFH FKDUDFWHUL]HG E\ DQDWRPLFDO DQGPROHFXODU WRROV
0\FRUUKL]D
.5$,*+(5+  %$7,ý )  $*(5(5 5  7\SHV RI
HFWRP\FRUUKL]DH DQG P\FRELRLQGLFDWLRQ RI IRUHVW VLWH
SROOXWLRQ3K\WRQ
.5$,*+(5 + HW DO  7\SHV RI HFWRP\FRUUKL]D DV
SROOXWLRQVWUHVVLQGLFDWRUVFDVHVWXGLHVLQ6ORYHQLD(QYLURQ
0RQLW$VVHVV
/2%8*/,2 . )  &HQRFRFFXP 9 (FWRP\FRUUKL]DO
IXQJL.H\JHQHUDLQSUR¿O &DLUQH\ - : * LQ &KDPEHUV 6
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